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Background: Elevations in NTproBNP, hsCRP, and cTnT are associated with increased risk of adverse outcomes in patients with chronic HF. The 
effect of exercise training on these markers and the association of changes in biomarkers with outcomes has not been well studied.
methods: NTproBNP, hsCRP, and cTnT levels were assessed at baseline and 3 months in a cohort of 928 subjects from the HF-ACTION study, 
a randomized clinical trial of exercise training in chronic HF patients with reduced ejection fraction (< 35%). NTproBNP and hsCRP were log-
transformed to approximate normality; cTnT was modeled as detectable (≥ 0.01 ng/ml) vs. undetectable (< 0.01 ng/ml). Linear and logistic 
regression were used to assess 3 month levels as a function of baseline value and treatment assignment (exercise training vs. not). Cox proportional 
hazard modeling was used to evaluate the relationship between biomarker changes and long term outcomes.
results: Exercise training was not associated with improvements in levels of NTproBNP (P=0.10), hs-CRP (P=0.80) or lower risk of detectable cTnT 
levels (P=0.83) at 3 months. Improvements in NTproBNP, but not hsCRP or cTnT, were associated with improved peak VO2 (P<0.001) and decreased 
risk of all outcomes, after adjustment for risk factors (Table1).
conclusions: Exercise training did not appear to improve biomarkers of myocardial stress, injury, or inflammation at 3 months. Decreases in 
NTproBNP, but not hsCRP and cTnT, were associated with improvements in peak VO2 and clinical outcomes. 
Table1. Associations between Improvements in Biomarker Levels and Adverse Outcomes
Biomarker Clinical Outcome Hazard Ratio (Unadjusted) P Value Hazard Ratio (Adjusted) P Value
hsCRP All-Cause Mortality 0.94 (0.68,1.31) 0.71 0.92 (0.66,1.28) 0.61
All-Cause Mortality + All-Cause 
Hospitalization
1.03 (0.87,1.23) 0.73 1.11 (0.91,1.36) 0.28
CV Mortality + CV Hospitalization 1.02 (0.85,1.23) 0.82 1.02 (0.82,1.26) 0.85
CV Mortality + HF Hospitalization 0.85 (0.67,1.08) 0.19 0.82 (0.62,1.07) 0.15
NTproBNP All-Cause Mortality 0.65 (0.46,0.90) 0.01 0.69 (0.49,0.98) 0.04
All-Cause Mortality + All-Cause 
Hospitalization
0.63 (0.53,0.75) <.0001 0.61 (0.50,0.74) <.0001
CV Mortality + CV Hospitalization 0.65 (0.54,0.79) <.0001 0.68 (0.55,0.84) <0.001
CV Mortality + HF Hospitalization 0.59 (0.47,0.75) <.0001 0.61 (0.47,0.80) <0.001
cTnT All-Cause Mortality 0.38 (0.16,0.89) 0.03 0.50 (0.21,1.19) 0.12
All-Cause Mortality + All-Cause 
Hospitalization
0.87 (0.53,1.43) 0.58 0.88 (0.50,1.57) 0.67
CV Mortality + CV Hospitalization 1.08 (0.65,1.80) 0.77 1.05 (0.58,1.91) 0.86
CV Mortality + HF Hospitalization 0.88 (0.49,1.59) 0.68 1.03 (0.52,2.04) 0.92
